INTRODUCTION
Anemia is a global public health problem affecting people in both developing and developed countries. 1 The prevalence of anemia increases with maternal age in Korea. 2 The high prevalence of anemia (24.4%) in black women at their fertile age is a public health concern in the United States. 3 Preterm birth, 4 low birth weight (LBW) 5 and small for gestational age (SGA) 6 are the leading causes of perinatal and early childhood mortality and morbidity. Although some studies have documented that maternal anemia increased the risk of adverse birth outcomes, [7] [8] [9] [10] [11] [12] [13] [14] [15] inconsistent results on the relationship between maternal hemoglobin (Hb) concentration and adverse birth outcomes cast doubt on anemia, especially mild-to-moderate anemia, as a risk of poor birth outcomes. [16] [17] [18] [19] Various studies have shown that a high Hb concentration was also significantly associated with poor birth outcomes. [7] [8] [9] 17 Studies have suggested that maternal anemia is likely to have a less severe effect on birth outcomes than a high Hb concentration, particularly in developed countries. 17, 20 Most previous studies have measured maternal hemoglobin during pregnancy. As the Hb concentration changes during pregnancy with fetal growth, 21 the association between maternal Hb and adverse birth outcomes may vary depending on the gestational age at which maternal Hb is measured. It has rarely been evaluated whether women with anemia or high hemoglobin concentration when not pregnant would have poor birth outcomes. 13 Through this large retrospective cohort study, we attempted to explore the association between prepregnancy Hb concentration, divided into 2, 4 and 11 groups, and the risk of preterm birth, LBW and SGA in Korean women.
SUBJECTS AND METHODS

Study population
Live birth data were obtained from Korea's national birth register. A total of 558 016 mothers with a singleton birth in 1999 were individually identified. A cohort of 71 082 mothers, who had undergone health-screening examinations in 1997-1999 sponsored by the National Health Insurance Corporation on or before the first day of their last menstrual period, was established. In the end, a total of 70 895 mothers whose prepregnancy Hb concentration had been collected were recruited as the study population. This study was approved by the Institutional Review Board of Kwandong University Myoungji Hospital.
The birth register form is required by law to be filled out by parents. The body mass index was calculated by dividing weight (kg) by the square of height (m). We classified women into 2 groups (anemia (Hbo120 g/l) and no anemia (HbX120 g/l)), 1 4 groups (moderate-to-severe anemia (Hbo100 g/l), mild anemia (Hb of 100-119 g/l), normal (Hb of 120-149 g/l) and high hemoglobin (HbX150 g/l)) and 11 groups by intervals of 10 g/l 9,10,23,24 from severe anemia (Hbo80 g/l) to the highest Hb group (X170 g/l) by prepregnancy Hb concentration. Hb categorization, particularly the grading of anemia, was based on the WHO guidelines. 1, 25, 26 The data on height, weight, Hb concentration and health examination results (normal versus tuberculosis and other chest diseases, hypertension, hyperlipidemia, liver disease, diabetes, kidney disease, gynecologic disease, cervix cancer or other diseases suspected) were derived from the National Health Insurance Corporation health examinations, which, conducted by medical staff at local hospitals, followed a standard procedure. 27 
Statistical analysis
Maternal age, body mass index and Hb concentration were expressed as mean±s.d. The number and rate (%), and the rate's exact binomial 95% confidence interval (CI) were calculated for preterm birth, LBW and SGA across the Hb groups. An independent samples t-test was applied to compare the differences in means, and the w 2 -test was performed to examine differences in proportions. An unconditional logistic regression model was made to calculate odds ratios (ORs) and 95% CIs. The ORs were adjusted for mother's age at delivery (years: o25, 25-29, 30-34 and X35), body mass index (kg/m 2 : o18.5, 18.5-20.9, 21-22.9, 23-24.9, X25.0), parity (0, 1, 2 or above), education level (middle-school graduation or below, high-school graduation, college graduation or over) and health examination results (normal or diseases suspected). Tests for linear trends across the Hb groups were also conducted with the Hb group as an ordinal variable. SAS version 9.2 for Windows (SAS Institute Inc., Cary, NC, USA) was used. The P-value was calculated with two-sided tests and a statistical significance level of 0.05 was applied.
RESULTS
The study population's mean maternal age at delivery was 27.9±3.3 years. The mean body mass index and mean Hb concentration was 20.5±2.3 kg/m 2 and 130.4±11.0 g/l, respectively, at the time of health examinations undertaken before pregnancy. Women with anemia (Hbo120 g/l) were 12.1% of subjects. Anemic women were slightly older (28.4 ± 3.5 vs 27.9 ± 3.3 years; Po0.001) and very modestly more obese (20.6±2.3 vs 20.5±2.3 kg/m 2 ; Po0.001) than non-anemic women. Women with anemia tended to have a higher educational status, to be of higher parity and to have a greater prevalence of suspected diseases than women without anemia ( Table 1 ). The numbers of severely anemic, moderately anemic and mildly anemic women were 50, 572 and 7959, respectively.
The proportion of preterm birth, LBW and SGA was the highest in women with moderate-to-severe anemia when the subjects were classified into four groups. The risk of LBW and SGA gradually increased with the severity of prepregnancy anemia among 11 groups of maternal Hb in the univariate analysis (Table 2) .
In the adjusted analysis, anemic women had a more elevated risk of LBW and SGA than non-anemic women. Anemic women had an elevated risk of preterm birth with a borderline significance compared with non-anemic women. Moderate-tosevere anemic women had significantly increased ORs of preterm birth, LBW and SGA, and mildly anemic women also had increased ORs of LBW and SGA, relative to the normal Hb group ( Table 3 ). The risk of adverse birth outcomes, particularly SGA, gradually increased with the severity of maternal anemia before pregnancy, except that no preterm birth was observed in severely anemic women (Table 3, Figure 1 ).
DISCUSSION
In this study, the risk of preterm birth, LBW and SGA increased with more severe maternal anemia before pregnancy. SGA was more consistently associated with the severity of anemia than preterm birth and LBW. High prepregnancy Hb concentration had no association with the risk of preterm birth, LBW or SGA.
Prepregnancy anemia and birth outcomes
The inconsistent results concerning the effect of maternal anemia for preterm birth and LBW may mainly come from the timing of Hb measurement. Few studies on maternal Hb for birth outcomes used Hb measured before pregnancy, 13 but instead measured the mother's Hb during pregnancy. Some studies did not specify the gestational age at which the maternal Hb was measured. 18 Hb concentration in late pregnancy heavily reflects plasma volume changes. 16, 21 Mild maternal anemia due to a large plasma expansion in the second or third trimester may have beneficial effects on birth outcomes, whereas high Hb concentration due to a poor plasma expansion in the second and third trimester may a A logistic regression model was used to adjust for maternal age at delivery, prepregnancy body mass index, parity, education and the result of a health-screening examination (sponsored by the National Health Insurance Corporation in 1997-1999).
have harmful effects on birth outcomes. Although maternal anemia in the first trimester showed no relationship with the risk of preterm birth and LBW in one study, 19 the maternal Hb values were categorized into only two groups, many studies have reported that maternal anemia in the first trimester or at the first antenatal visit was associated with an increased risk of adverse birth outcomes. [10] [11] [12] 14, 15 The results of the present study suggest that anemia before pregnancy is also significantly associated with the risk of preterm birth and LBW.
Several studies have evaluated the association between maternal Hb anemia in early pregnancy or before pregnancy, and SGA. Maternal anemia in the first trimester was not associated with SGA in American 11 or Finnish women. 12 In Chinese women, first trimester anemia was not associated with SGA in some studies. 10, 19 Both the Chinese studies in which the first trimester anemia was not associated with SGA had relatively small sample sizes 10 or categorized maternal Hb into just two groups: anemia and non-anemia. 19 In a large study among Chinese women, however, the first trimester anemia was associated with SGA. 14 The risks of fetal growth restriction were significantly greater among women with moderate anemia before pregnancy (OR ¼ 4.6) compared with non-anemic controls in China. 13 In our study in Korean women, prepregnancy anemia was associated with an increased risk of SGA, and the risk of SGA in relation to prepregnancy Hb clearly depended on the severity of anemia. The concept that maternal anemia in the first trimester or before pregnancy may be associated with SGA or fetal growth restriction in Chinese and Korean women, but not in European or American women, is obscure. We cannot definitively explain the discrepancies among studies in the association between maternal anemia and SGA, but it has been reported that the effects of Hb concentration on birth outcomes could differ by ethnicity. 7, 16, 28 The optimal range of Hb concentration defined by a minimum incidence of unfavorable birth outcomes may vary among ethnic groups. 7, 28 High Hb concentration and birth outcomes The risk of poor perinatal outcomes increased in mothers with high Hb in some studies. [7] [8] [9] 17, 23, 24, 28 Anemia was suggested to be less important than high Hb concentration during pregnancy in the genesis of LBW and preterm labor in developed countries. 17, 20, 28 However, high Hb concentration in the second or third trimester, or the lowest measured Hb during pregnancy is likely associated with the disorders of plasma expansion. 7, 9, 11, 17, 28 Maternal high Hb in late pregnancy may not be an independent risk factor for adverse birth outcomes, but a result of poor plasma expansion. Excluding those studies, many studies of developed countries, as well as developing countries, have documented that high Hb concentration in the first trimester or before pregnancy was not significantly associated with an elevated risk of preterm birth or LBW. [10] [11] [12] [13] [14] [15] This study demonstrated that healthy women with a prepregnancy Hb in the higher tail-end were at no risk of preterm birth, LBW or SGA. However, several large studies in European and American women have shown that high Hb in the first trimester was associated with the risk of preterm birth, 8 LBW, 8 SGA 11 and stillbirth. 23 A high Hb concentration in the first trimester showed a more inconsistent effect on poor birth outcomes than anemia. Whether a high Hb concentration in early pregnancy or before pregnancy would have an elevated risk of adverse birth outcomes remains to be seen through further research.
Prepregnancy anemia as an independent risk factor Although iron deficiency is considered to be the most common cause of anemia, other causes and nutrients may well have an important role in the genesis of anemia. 29 Other causes of anemia such as hookworm infection, malaria, schistosomiasis and thalassemia are uncommon in Korea. Although those diseases were not specifically examined, tuberculosis and other chest diseases, hypertension, hyperlipidemia, liver disease, diabetes, kidney disease, gynecologic disease, cervix cancer and other diseases were checked at the health examinations and controlled in the adjusted analysis. When the analysis was restricted to women not suspected of having diseases other than anemia, the effect of prepregnancy Hb on birth outcomes barely changed (data not shown). Anemia may be attributed to low socioeconomic status. However, anemic women tended to be more educated than nonanemic women in this study, and maternal educational level was adjusted for in the analysis. Anemia during pregnancy could also be a marker for other maternal or fetal conditions connected to pregnancy, such as uterine bleeding, which may cause poor birth outcomes. [10] [11] However, in our study with Hb measured before pregnancy, maternal anemia cannot be a marker for the Figure 1 . Adjusted odds ratios and 95% confidence intervals for preterm birth, low birth weight (LBW) and small-for-gestational age (SGA) by maternal prepregnancy hemoglobin concentration. The odds ratios were adjusted for maternal age at delivery, prepregnancy body mass index, parity, education and the result of a healthscreening examination (sponsored by the National Health Insurance Corporation in 1997-1999).
deleterious conditions of pregnancy. Maternal anemia before pregnancy, therefore, could be an independent predictor of preterm birth, LBW and SGA rather than a marker or mediator of other underlying disorders or socioeconomic conditions, and could be mainly attributed to maternal nutrition in this study. However, anemia was defined by Hb concentration only, and neither iron nor any other nutrients were assessed in this study.
Timing of nutritional supplementation The finding that prepregnancy anemia increases the risk of adverse pregnancy outcomes suggests that the prevention of anemia is needed before pregnancy for desirable birth outcomes. In Korea, it is customary to prescribe iron and folic acid supplements to pregnant women. 30 The present study shows that Korean women, who are anemic before pregnancy, might suffer from poor birth outcomes despite iron and folic acid supplementation during pregnancy, Although data on the doses and duration of iron and folic acid supplementation before or during pregnancy were not collected and were not adjusted for. When to start nutritional supplementation for better birth outcomes is a topic of debate. 30, 31 No evidence was found that iron supplementation with or without folic acid during pregnancy has a beneficial effect on birth outcomes. 32 Some researchers have suggested that correction of anemia during pregnancy would be difficult and should therefore be prevented. 33 Prepregnancy weekly supplementation could improve iron reserves effectively and favor better pregnancy outcomes. 33, 34 Strengths and limitations of the study This large cohort of 70 895 singleton pregnancies includes 2200 preterm births, 1943 LBW babies and 6044 SGA infants. Our efforts of classifying prepregnancy Hb concentrations into 11 groups to obtain more detailed results are the advantages of this study. Hb concentrations were measured before pregnancy, which minimizes the possibility of differential misclassification of the Hb level and confounding by hemodilution with gestational age. However, some limitations of this study require the reader's attention. First, our subjects differed from women of other studies in some ways. In our study, the proportion of mothers under 20 years at delivery was only 0.2% of all subjects. Our subjects were ethnically very homogeneous, well-educated and tended to be nulliparous. Korean women are thinner on average than European or American women. The effect of maternal anemia or high Hb on some birth outcomes, therefore, might vary in different geographic areas or among ethnic groups. Second, smoking could be associated with Hb concentration and birth outcomes. 11 As smoking status was missing among 70.6% of the subjects, it was not included in our analysis. Among women with smoking information, smoking status (current smoker, ex-smoker, non-smoker) was not associated with anemia (P ¼ 0.402), preterm birth (P ¼ 0.803), LBW (P ¼ 0.760) or SGA (P ¼ 0.483) in the w 2 -analysis, and there was virtually no change in the association between prepregnancy Hb concentration and birth outcomes in the logistic model with or without smoking status (data not shown). It is, however, still a limitation that smoking was not adjusted for among all women in this study. Third, in this study no data was collected during pregnancy. Data on important maternal conditions during pregnancy that have significant effects on birth outcomes, such as gestational hypertension, gestational diabetes, changes in Hb concentration and weight gain during pregnancy, were not collected. It would have been helpful to adjust for these maternal conditions during pregnancy to better understand the effects of prepregnancy anemia on birth outcomes. Fourth, some sample sizes were small with a limited number of cases partly due to a narrow Hb concentration range. The results may thus have a limited statistical power with insufficient cases in some of the analyses.
CONCLUSION
Our results suggest that anemia, rather than high Hb concentration, before pregnancy increases the risk of preterm birth, LBW and SGA, and the risk increases with the severity of anemia in Korean women. When women are considering to become pregnant, it may result in positive birth outcomes to measure Hb concentration and to treat those who are anemic with iron supplementation before conception.
